The SPP1, LAP3, and LCORL are located on chromosome 6 of sheep and a domain of 36.15-38.56 Mb, which plays an essential role in tissue and embryonic growth. In this study, we cloned the complete coding sequences of SPP1 and partial coding regions of LAP3 and LCORL from Hu sheep (Gansu Province, China) and analyzed their genomic structures. The RT-qPCR showed that the three genes were expressed widely in the different tissues of Hu sheep. The SPP1 expression was significantly higher in the kidney (p < 0.01) and LAP3 expression was significantly higher in the spleen, lung, kidney, and duodenum than in the other tissues (heart, liver, rumen, muscle, fat, and ovary; p < 0.05). The LCORL was preferentially expressed in the spleen, duodenum, and lung (p < 0.05). In addition, the nucleotide substitution NM_001009224.1:c.132A>C was found in SPP1; an association analysis showed that it was associated with birth weight and yearling weight (p < 0.05), and NM_001009224.1:c.132C was the dominant allele. Two mutations XM_012179698.3:c.232C>G and XM_012179698.3:c.1154C>T were identified in LAP3. The nucleotide substitution XM_012179698.3:c.232C>G was confirmed to be associated with birth weight, 1-month weight, 3-month weight (p < 0.05), and 2-month weight (p < 0.01). The nucleotide substitution XM_012179698.3:c.1154C>T was associated with birth weight (p < 0.01), 1-month weight, and 2-month weight (p < 0.05). The LAP3 gene XM_012179698.3:c.232C>G mutation with the C allele has higher body weight than other sheep, and CC genotype individuals show higher birth weight, 1-month weight, and weaning weight than the GG genotype individuals (p < 0.05). Our results support the conclusion that the mutations on ovine SPP1 and LAP3 successfully track functional alleles that affect growth in sheep, and these genes could be used as candidate genes for improving the growth traits of sheep during breeding.
Introduction
In sheep (Ovis aries), a region between 36.15 and 38.56 Mb on chromosome 6 (OAR6) includes 13 significant single nucleotide polymorphisms (SNPs) associated with body weight (BW) [1] . Secreted phosphoprotein 1 (SPP1), also known as osteopontin, is encoded by SPP1, and it was first identified as a major sialoprotein in the bone, helping osteoclasts to bind to the mineralized bone matrix [2] . The SPP1 is a multifunctional secreted glycosylated sialic-acid-rich phosphoprotein and an immobilized noncollagenous extracellular matrix protein in mineralized tissues [3] . In sheep, SPP1 is located on Table 1 . Primer pairs designed for sheep genes secreted phosphoprotein 1 (SPP1), leucine aminopeptidase 3 (LAP3), and ligand dependent nuclear receptor corepressor like (LCORL).
Primer Name
Primer Sequence ( Total RNA was extracted from the tissues of an adult indigenous Hu sheep (Gansu Province, China) by using TransZol (TransGen Biotech, Beijing, China). The RT-PCR (reverse transcription polymerase chain reaction) was performed using Taq polymerase (TransGen Biotech, Beijing, China) and TransScript One-Step gDNA Removal and cDNA Synthesis SuperMix (TransGen Biotech, Beijing, China). The PCR product was purified using agarose gel DNA extraction kit (Takara, Dalian, China), and cloned into pMD18-T vector (volume of 10 µL of 50 ng DNA, 50 ng pMD18-T vector, 5 µL Solution I, incubated at 4 • C overnight). The recombinant DNA was transformed into DH5α competent cell and grown in LB (Luria-Bertani) agar plate with Amp, white colonies were selected (10 colonies for each sample) and cultured in liquid medium for 5 h, then submitted to the Shanghai Sangon Biological Engineering Company for sequencing. The sheep SPP1, LAP3, and LCORL gene cDNA sequences were compared with the sequenced sequences by BLAST analyses.
Tissue Expression Analysis of Sheep SPP1, LAP3, and LCORL
The mRNA levels of SPP1, LAP3, and LCORL were detected in tissues from the heart, liver, spleen, lung, kidney, rumen, duodenum, muscle, fat, hypothalamus, and hypophysis, of three Hu sheep. The total RNA from each tissue was extracted and reverse-transcribed into cDNA. Specific primers (SPP1-expression-S and SPP1-expression-A for SPP1, LAP3-expression-S, and LAP3-expression-A for LAP3, and LCORL-expression-S and LCORL-expression-A for LCORL; Table 1 ) for sheep SPP1, LAP3, and LCORL were used to amplify the products of 135, 170, and 280 bp, respectively. The PCR was performed at 94 • C for 5 min, followed by 34 cycles of 94 • C for 30 s, 57 • C for 30 s, and 72 • C for 30 s and a final extension at 72 • C for 5 min. GAPDH was used as the internal control gene. The qPCR was performed using the LightCycler 480II (Roche, Basel, Switzerland) and SYBR Green Realtime PCR Master Mix (Toyobo, Osaka, Japan). The 2-∆∆CT method was used to analyze the data [19] .
SNP Identification
The mutations of sheep SPP1, LAP3 and LCORL were identified by sequencing the PCR products which were amplified using the eight DNA mixed samples of Hu sheep and Hu sheep × (Dorper × Hu sheep). The specific primers were designed on the basis of the assembled DNA sequences of the three genes of the sheep (Table 1) . Additionally, the primers were used for PCR-restriction fragment length polymorphism (PCR-RFLP). The DNA was extracted from the blood of 289 Hu sheep (n = 204; 110 rams and 94 ewes) and Hu sheep × (Dorper × Hu sheep) (n = 85; 35 rams and 50 ewes). The PCR for genotyping was performed using a reaction volume of 25 µL that consisted of 1×EasyTaq ® PCR SuperMix (+dye) (TransGen Biotech, Beijing, China), 50 ng of genomic DNA, and 8 pmol of each primer, the rest of the volume was made up by ddH 2 O. The PCR parameters for SPP1, LAP3, and LCORL were 94 • C for 5 min, followed by 35 cycles of 94 • C for 30 s, 52-58 • C for 30-90 s, and 72 • C for 30 s and a final extension of 72 • C for 5 min. The 4 µL PCR product was digested for 60 min with 2 U of SmlI for SPP1, AcuI and BccI for LAP3, and Hpy188I and DraI for LCORL at 37 • C and then separated on a 3% agarose gel stained with GelRed.
Association Analysis
The PROC GLM procedure in SAS software package (SAS Institute Inc., Cary, NC, USA) was used to analyze the association between the genotypes and trait. The linear model with the fixed effects was as follows:
where Y ijklm is the ijklmn th trait observation value; µ is the mean; G i is the effect of the i th genotype; B j is the effect of the j th farm; B k is the effect of the j th breeding; S l is the effect of the j th sex; C m is the effect of the combination; and ε ijklm is the residual corresponding to the trait observation value with var(ε) = Iσ 2 e . B j , B k , S l , and C m are the fixed effects. p < 0.05 was considered as the statistically significant criterion.
Results

Molecular Cloning and Sequence Analysis of Sheep SPP1, LAP3, and LCORL
In this study, 1122 bp of the sheep SPP1 gene was cloned, which contained a calculated ORF of 837 bp encoding a protein of 278 amino acid residues. Additionally, sheep LAP3 and LCORL contain ORFs of 1560 and 3117 bp, respectively, and they encode proteins of 519 and 1038 amino acid residues, respectively. The molecular weights of SPP1, LAP3, and LCORL are 31.1 kDa, 56.2 kDa, and 118.2 kDa, respectively, and the theoretical isoelectric points are 4.15, 6.44, and 10.36, respectively.
Percentage of sequences homology of the three proteins in Ovis aries, Bos taurus, Bos mutus, Homo sapiens, Sus scrofa, Gallus gallus domesticus, Canis lupus familiaris, and Mus musculus showed that Ovis aries SPP1, LAP3 and LCORL are most similar to Bos mutus SPP1 (99%), Bos mutus LAP3 (100%), and Canis lupus familiaris LCORL (87%), respectively ( Figure 1 ).
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Expression Profile Analysis
The RT-qPCR was used to investigate the general tissue distributions of SPP1, LAP3, and LCORL, and the results showed that the three genes were widely expressed ( Figure 2 ). They were detected in all eleven tissues, namely, heart, liver, spleen, lung, kidney, rumen, duodenum, muscle, fat, hypothalamus, and pituitary tissues. The SPP1 was expressed in 11 tissues of Hu sheep, with the highest level in the kidney (p < 0.01), followed by the hypothalamus (p < 0.05). The LAP3 expression was significantly higher in spleen, lung, kidney, and duodenum than in the other tissues (heart, liver, rumen, muscle, fat, and ovary; p < 0.05). The LCORL was preferentially expressed in spleen, duodenum, and lung (p < 0.05). 
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SNPs of Sheep SPP1, LAP3, and LCORL
We recorded two nucleotide substitutions NM_001009224.1:c.132A>C and NC_040257.1(NM_001009224.1):c.174+402G>A in sheep SPP1. For two substitutions, the length of the amplified fragment was 885 bp, and the substitutions were locating at 359 and 803 bp, recognized by SmlI ( Figure S1 ). When nucleotide A is substituted by G at NC_040257.1(NM_001009224.1):c.174+402, the nucleotide substitution NM_001009224.1:c.132A>C was detected using SmlI, which yielded three fragments: 885 bp band representing allele T, and 359 and 526 bp bands representing allele G. When nucleotide G is substituted by A at NC_040257.1(NM_001009224.1):c.174+402, the nucleotide substitution NM_001009224.1:c.132A>C was detected using SmlI, which yielded four fragments: 803 and 82 bp bands representing allele A, 359, and 444 and 82 bp bands representing allele C. When nucleotide C is substituted by A at NM_001009224.1:c.132, the nucleotide substitution NC_040257.1(NM_001009224.1):c.174+402G>A was detected using SmlI, which yielded three fragments: 885 bp band representing allele G, and 803 and 82 bp bands representing allele A. When nucleotide A is substituted by C at NM_001009224.1:c.132, the nucleotide substitution NC_040257.1(NM_001009224.1):c.174+402G>A was detected using SmlI, which yielded four fragments: 359 and 526 bp bands representing allele G, and 359, 444 and 82 bp bands representing allele A (Figure 3) . of sheep. The expressing of these three genes was by qPCR and normalized to the expression of GAPDH, each sample was amplified in triplicate and the data were shown as mean ± standard deviation.
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which generated three fragments: 351 bp band representing allele C, and 281 and 70 bp bands representing allele G. The nucleotide substitution XM_012179698.3:c.1154C>T was detected using BccI ( Figure S3 ), which yielded three fragments: 407 bp band representing allele C, and 292 and 115 bp bands representing allele T (Figure 4 ). NC_040257.1(NM_001009224.1):c.174+402G>A mutation has two genotypes (GG and GA). Five combined genotypes were detected using SmlI in this experimental population, namely AAGG (lanes 3, 7, 10), AAGA (lanes 4, 6), ACGG (lanes 2, 5), ACGA (lane 8), and CCGG (lanes 1, 9) . M: DNA Marker DL2000.
We recorded two nucleotide substitutions XM_012179698.3:c.232C>G and XM_012179698.3:c.1154C>T in sheep LAP3. For the first substitution, the length of the amplified fragment was 351 bp, with the nucleotide substitution locating at 281 bp recognized by AcuI ( Figure  S2 ), which generated three fragments: 351 bp band representing allele C, and 281 and 70 bp bands representing allele G. The nucleotide substitution XM_012179698.3:c.1154C>T was detected using BccI ( Figure S3 ), which yielded three fragments: 407 bp band representing allele C, and 292 and 115 bp bands representing allele T (Figure 4) . 
Association of Sheep SPP1, LAP3, and LCORL with BW
The effect of the sheep SPP1 variation on BW of the experimental populations was studied. The results show that the NC_040257.1(NM_001009224.1):c.174+402G>A mutation of sheep SPP1 has no association with BW. In contrast, the SPP1 NM_001009224.1:c.132A>C substitution was associated with birth weight and 12-month weight (p < 0.05; Table 2 ). Moreover, all the phenotype values of birth weight and 12-month weight in the animals with AA and CC genotypes were evidently higher than those with the AC genotype (p < 0.05). This indicated that the homozygote contributed higher phenotype values than the heterozygote.
The effect of sheep LAP3 nucleotide substitution on the body weight of the experimental populations was also studied. The results showed that the XM_012179698.3:c.232C>G substitution was associated with birth weight, 1-month weight, 3-month weight (p < 0.05), and 2-month weight (p < 0.01; Table 2 ). Besides, all the phenotype values of the animals with the CG genotype were 
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The effect of sheep LAP3 nucleotide substitution on the body weight of the experimental populations was also studied. The results showed that the XM_012179698.3:c.232C>G substitution was associated with birth weight, 1-month weight, 3-month weight (p < 0.05), and 2-month weight (p < 0.01; Table 2 ). Besides, all the phenotype values of the animals with the CG genotype were evidently higher than those with the GG genotype, whereas the difference between CC and CG was not significant (p > 0.05). This indicated that allele C contributed higher phenotype values than allele G. The XM_012179698.3:c.1154C>T substitution had a significant effect on birth weight (p < 0.01), 1-month weight, and 2-month weight (p < 0.05; Table 2 ). All the phenotype values for BW of the animals with the CC genotype were evidently higher than those with the TT genotype. This indicated that allele C contributed higher phenotype values than allele T. In addition, the association analysis showed no correlation between the two substitutions of LCORL and body weight ( Table 2 ).
Discussion
In this study, the multiple amino acid sequence alignments show that SPP1 is more conserved than LAP3 and LCORL across the above-mentioned eight species. The SPP1 is a highly phosphorylated protein containing a polyaspartic acid sequence and a conserved RGD motif, and plays important roles in physiological processes such as inflammatory responses, calcification, organ development, immune cell function and carcinogenesis [20] . In vitro, SPP1 is a potent, partial agonist of cortical and hippocampal M1 receptors with activity conserved across species [21] . The region between −112 and −62 bp of the SPP1 promoter is highly conserved in the rat, mouse and human promoters and contains a number of consensus regions, including an E-box and a GC-rich region [22] . Hijiya et al. isolated the human SPP1 and the 5 upstream region, and analyzed its exon-intron structure and potential regulatory sequences of the promoter region in comparison with those of the mouse and porcine gene. They found that the 5 upstream region of the SPP1, which is highly conserved up to nucleotide −250, contains a number of potential cis regulatory consensus sequences [23] . Results of all these previous studies indicate that the SPP1 is highly conserved between different species. At present, there are few studies on the LAP3 and LCORL. In this study, we analyzed the homology of sheep SPP1, LAP3, and LCOR proteins with seven other species, respectively. It was found that SPP1 has a higher percentage of sequences homology indicating that SPP1 is more conserved than LAP3 and LCORL across the above-mentioned eight species. The tissue expression profiles revealed that SPP1 has a broad expression pattern in Hu sheep.
The SPP1 is a multifunctional glycosylated phosphoprotein that participates in many physiological and pathological processes, and it is expressed in multiple tissues and organs, such as the kidney and liver, and the central nervous system [3] . The LAP3 catalyzes the removal of N-terminal amino acid, and it belongs to a family of aminopeptidases involved in protein maturation and degradation and found in many tissues [24, 25] . Thus, our results were generally consistent with those of previous studies. In addition, LCORL is a transcription factor that may function during spermatogenesis in the testes [13] . The RT-PCR results showed that LCORL was widely expressed and detected in all eleven tissues: heart, liver, spleen, lung, kidney, rumen, duodenum, muscle, fat, hypothalamus, and hypophysis. The high mRNA levels in the spleen, lung, liver, and duodenum could be attributed to their crucial roles as immune and uptake organs.
We identified two mutations, NM_001009224.1:c.132A>C and NC_040257.1(NM_001009224.1):c.174+402G>A, in sheep SPP1.
The association analysis of sheep SPP1 showed that the novel nucleotide substitution NM_001009224.1:c.132A>C had significant effects (p < 0.05) on birth weight and yearling weight, whereas no correlation was detected for NC_040257.1(NM_001009224.1):c.174+402G>A. Previous studies have reported that SPP1 has significant effects on the birth weight and weaning weight of beef cattle [5] and BW of Australian Merino sheep [26] . The association analysis revealed that the XM_012179698.3:c.232C>G mutation of LAP3 was associated with the birth weight (p < 0.05), 1-month weight (p < 0.05), 2-month weight (p < 0.01), and 3-month weight (p < 0.05). Moreover, a significant association was observed between the XM_012179698.3:c.1154C>T mutation of LAP3 and birth weight (p < 0.01), 1-month weight (p < 0.05), and 2-month weight (p < 0.05), and allele C was the preponderant allele. Allan et al. [26] found that LAP3 was significantly associated with the body weight of Australian Merino sheep, which is consistent with our results using Hu sheep and their crossed offspring. The LCORL has been associated with the average daily gain of cattle [13] . However, the two mutations detected in sheep LCORL had no association in Hu sheep and its filial generation, which may be due to the differences between varieties. Thus, SPP1 and LAP3 can be used as molecular markers for improving the growth performance of sheep.
Our results indicate that SPP1 and LAP3 can be used as candidate genes for improving the body weight of sheep during breeding. However, further studies on the association between the three genes and growth performance of different sheep breeds are required. 
